Marker-assisted selection is an attractive way to improve the economically important traits in domestic animals and particularly in pigs. Insulin-like growth factor 2 (IGF2) is one of the potentially important genetic marker for growth and carcass traits of pigs. The objective of our work was to study G3072A polymorphism of IGF2 gene in different pig breeds and to evaluate the effect of boar genotypes on productive traits of their offspring of different sexes. IGF2 polymorphism was studied in seven pig breeds including large white and their close related breeds Yorkshire and Edelswine (LW, n = 1247), Landrace (L, n = 934), Duroc (D, n = 642), Pietrain (P, n = 87), Belorussian meat (BM, n = 37), Liven (LIV, n = 54), Estonian beckon (EB, n = 10), one synthetic line Body (BD, n = 138) and one terminal cross (TM, n = 66). Association studies were performed using data records of 5908 offspring (including 5015 gilts and 893 young boars) produced from twenty LW boars with known genotype for IGF2. The following productive traits were evaluated: body weight at the end of growing period (BW, kg), daily gain during entire growing period (DG, g), daily gain during early period from birth to 76.41±0.04 days (DG1, g), daily gain during late period from 76.41±0.04 to 170.23±0.05 (DG2, g); the age at 100 kg (AGE 100kg , days), average actual back fat thickness measured in four points at the end of growing period (BF, mm) and average back fat thickness calculated for the 100 kg body weight (BF 100kg , mm). Significantly higher frequencies of the potentially «desired» A allele and AA genotype were observed in BD (0.986 and 0.971, respectively), ТМ (0.977 and 0.955), P (0.966 and 0.931) and D (0.960 and 0.921). LW pigs were characterized by the intermediate values of allele A (0.664) and genotype AA frequencies (0.532). In EB, BM and L the frequencies of A allele and AA genotype varied from 0.250 to 0.363 and from 0.100 to 0.243, respectively. We did not identify A allele in local Russian LIV pig breed. Association studies showed high-significant tendency to increase of BW, DG1, DG2, DG, BF and BF 100kg values and to decrease of AGE 100kg values of both gilts and boars at the order of genotypes GG → AG → AA. Calculations performed with additive-dominance model and two-way analysis of variance (ANOVA) showed the faster increasing (decreasing) above-mentioned traits in order of genotypes GG → AG → AA in young boars comparing to gilts. Principal component (PC) analysis showed that first two PCs (PC1 and PC2) determine 76.23 % of variability of the initial matrix for young boars and 82.49 % for gilts. PC1 is highly associated with daily gains during the late growing period (for DG2: r = 0.501 for young boars and 0.896 for gilts) and for the entire growing period (for DG: r = 0.923 and 0.929), whereas PC2 is associated with the daily gains during early growing period (for DG1: r = 0.709 and 0.769). The additive (A) and dominant (D) components of the variability and effects of allele substitution calculated for PC1 were similar for both sexes: А = 0.290, p < 0.001; D = 0.064 -in gilts and А = 0.351, p < 0.001; D = 0.040 -in young boars. We received significant values for PC2 in young boars only for dominant component (А = 0.085; D = 0.177, p < 0.05), whereas in gilts it was only for additive component (А = 0.094, p < 0.001; D = 0.031). The quantitative effects of IGF2 genotypes growing performance on the growth and carcass traits of pigs, and sex-dependent effect of marker genotypes on growing performance of pigs among growing periods should be taken in a point for development of programs of markerassisted selection utilizing IGF2.
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Identification of DNA markers that have a functional impact or are linked to quantitative trait loci (QTL) and their introduction into the selection and breeding programs is a promising way of a more effective genetic improvement of farm animals. Molecular genetic approach is especially useful if the traits have been used in a number of generations as the main breeding traits, and the potential of the traditional evaluation and selection has been almost fully implemented [1] .
The intensity of growth (early maturity) is one of the main economically important traits in farm animals. Selection of this trait over several decades yielded pig lines with high weight gain. Thus, in Duroc pigs (breeding program of the Canadian Center for Swine Improvement, CCSI), the age of reaching the body weight of 100 kg, which was over 180 days in 1980, decreased to 150 days in 2013 (according to testing 10,792 animals 53 herds) [2] . Further progress in breeding is related to the development of programs based on the identification and use of DNA markers associated with growth intensity [3] . Based on the effects on myogenesis and involvement in many processes of metabolism and differentiation, the insulin-like growth factor 2 (IGF2) is one of the potentially important genetic markers for growth and carcass traits in pigs [4] [5] [6] . It is localized in the distal end of pig chromosome 2 [7] . A considerable impact of the G3072A mutation in the intron 3 of IGF2 on the growth rate, muscle weight gain and fat deposition was established [8) ] and repeatedly confirmed in different populations [6, [9] [10] [11] [12] . The A → G substitution came from Chinese pigs and penetrated into the Western commercial lines due to phenotypic expression [13] . It breaks the nuclear factor repressor binding site which results in a 3-fold postnatal overexpression of IGF2 mRNA in skeletal muscles in the pigs that have inherited this mutation from their fathers [8] . D. Gardan et al. [14] studied the effect of IGF2 genotype on adipocytes and subcutaneous tissues and confirmed that the IGF2 mRNA expression was higher in muscles (but not in subcutaneous tissues) in the pigs with inherited A allele. They did not find any intergroup differences in the number of adipocytes, but noted a decrease in adipocyte size in the offspring of the boars with A allele. The authors concluded that the IGF2 mutation promotes hypertrophy of muscle fibers and reduces the development of fat cells in subcutaneous tissue. In their study of the IGF2 effects on proteolytic and lipolytic enzyme activity, K. Van den Maagdenberg et al. [15] found that pigs with inherited father's A allele had a relatively large weight at slaughter, which is probably associated with decreased protein degradation.
The advantage of IGF2 as the marker is the paternal nature of expression (maternal imprinting) which makes it possible to affect the productivity of the offspring, regardless of mothers' genotypes, as well as the positive impact of the A allele, potentially desirable from the standpoint of fattening qualities, on reproductive performance [16] .
Integration of IGF2 as the marker in the selection and breeding programs should be preceded by a quantitative assessment of the effects of IGF2 genotype on the offspring productive performance (in a representative sample). Since young boars and gilts are used in the determination of the breeding value, its dependence on the animal gender is relevant.
The objective of our study was the allele pool characterization for IGF2 in different pig breeds and estimation of the impact of the fathers' IGF2 genotypes on productive performance of their offspring considering the gender (the Large White breed example).
Technique. The characterization of the allele pool of pigs for IGF2 was studied in 3215 animals belonging to the following breeds: large white (LW) and their close related breeds, the Large White, Yorkshire and Edelswine (26 groups, n = 1247), Landrace (L, 21 group, n = 934), Duroc (D, 17 groups, n = 642), Pietrain (P, 3 groups, n = 87), Belorussian Meat breed (BM, 1 group, n = 37), Liven (LIV, 1 group, n = 54), Estonian bacon breed (EB, 1 group, n = 10), as well as the Body synthetic line (BD, 1 group, n = 138) and one terminal cross (TM, 2 groups, n = 66) (over 20 farms in different regions). Tissue samples were the material for the molecular genetic studies (ear tissue fragment). DNA was isolated using the Nextec reagent kit according to the manufacturer recommendations (Nexttec™ Biotechnologie GmbH, Germany). IGF2 polymorphism in the G3072A position was determined by pyrosequencing by A.-S. Van Laere et al. [8] .
Association study was performed using breeding data records of 5908 Large White pigs (including 5015 gilts and 893 young boars; genetic core, LLC Znamensky Breeding and Hybrid Center, Orel Province) produced from the boars (n = 20) with known genotype for IGF2. The following productive traits were evaluated at the end of growing period: body weight (BW, kg); the age at 100 kg (AGE 100kg , days); average actual back fat thickness measured in four points at the end of growing period (BF, mm) and average back fat thickness calculated for the 100 kg body weight (BF 100kg , mm); daily gain during entire growing period (DG, g), and in the early growing period from 0 to 76.41±0.04 days (DG1, g) and late growing period from 76.41±0.04 to 170.23±0.05 (DG2, g).
The additive (A) and the dominant (D) components of the model were calculated as А = X 22  X 11 ; D = X 12  (X 11 + X 22 )/2, where X 11 , X 12 , X 22 are arithmetic means of evaluated productivity values for GG, AG, and AA genotypes, respectively.
The level of significance for A and D was estimated using the multiple linear regression model: Y =  + AX 1 + DX 2 + e, where Y is productivity value;  is general mean; X 1 is code variable which is 1 for GG genotype, 0 for AG genotype and +1 for AA; X 2 is code variable which is 0 for GG and AA genotypes and +1 for AG genotype; е is a random component.
The effects of G and A alleles were estimated as  1 = m 1  X,  2 = m 2  X, where m 1 = pŁX 11 + qŁX 12 , m 2 = pŁX 12 + qŁX 22 (p and q is the frequency of alleles G and A, respectively, X is overall arithmetic mean for the group). The effect of allelic sudstitution was calculated as 2
All calculations were made as described [17] . Statistical hypothesis of the similar relationship between productivity and IGF2 genotype in pigs of different genders was tested by two-factor analysis of variance (two-way ANOVA). Principal component analysis (PCA) was performed based on the correlation and covariance matrix of the seven studied productivity traits (for gilts and young boars separately) to detect latent traits that contribute mostly to the variability of pigs according to their genotype for locus IGF2. Statistica v. 6.0 software was used for calculations.
Results. The frequencies of desired A allele were significantly higher in BD, P, D, and ТМ animals used as father forms at the second phase of hybridization (Table 1) . LW pigs were characterized by the intermediate values which apparently was due to the breeding for both meat, fattening and on reproductive
Frequency of desired AA genotype in father forms of BD, TM, P, and D was 38.9-42.3 % higher compared to LW (p < 0.001), 67.7-73.4 % higher compared to BM and L (p < 0.001), and 82.1-87.1 % higher compared to EB (p < 0,001) (Fig. 1) .
The data on the distribution of allele and genotype frequencies suggest that breeding for meat and feeding traits performed in a number of generations contributed to the preferential fixation of A allele in the populations of pig meat breeds and, on the contrary, leaching of the G allele for IGF2.
Association study in Large White pigs demonstrated that productivity traits in the offspring (both gilts and boars) were largely determined by the IGF2 genotype of their fathers (Table 2) . A high-significant tendency was shown to the increase of BW, DG1, DG2, DG, BF and BF 100kg values and to the decrease of AGE 100kg values in the order of genotypes as GG → AG → AA (see Table 2 ). o t e. BW -body weight at the end of growing period, kg; DG1 -daily gain in the early growing period (from birth to 76.41±0.04 days), g; DG2 -daily gain in the late growing period (from 76.41±0.04 to 170.23±0.05 days), g; DG -daily gain at the end of growing period, g; AGE 100kg -the age at 100 kg, days; BF -average actual back fat thickness measured in four points at the end of growing period, mm; BF 100kg -average back fat thickness calculated for the 100 kg body weight, mm. F is Fisher dispersion relation, p is a significance level.
The results of one-way
Detailed analysis of the manifestations of productivity traits in the offspring depending on the father's genotype for IGF2 performed with additivedominance model showed the significance of the estimates for the additive component (both for gilts and young boars), although the degree of manifestation of this component was often higher in gilts (Table 3) . A) -effect of allelic substitution; BW -body weight at the end of growing period, kg; DG1 -daily gain in the early growing period (from birth to 76.41±0.04 days), g; DG2 -daily gain in the late growing period (from 76.41±0.04 to 170.23±0.05 days), g; DG -daily gain at the end of growing period, g; AGE 100kg -the age at 100 kg, days; BF -average actual back fat thickness measured in four points at the end of growing period, mm; BF 100kg -average back fat thickness calculated for the 100 kg body weight, mm. * p < 0.05; ** p < 0.01; *** p < 0.001; ns means that estimate does not significantly deviate from 0. All estimates of additive components were positive except for the age at 100 kg. The values of dominant component that estimates the manifestation of inter-allele interactions within a single locus among heterozygotes (i.e. heterosis), were mostly not significantly greater than 0. However, estimation of the dominant component of the BF 100kg trait in young boars was significant and, for DG1, very close to the first threshold level of significance (p = 0.063) ( Table 3) . Calculated estimates of the effect of allele substitution 2  1 Ł(G → A) in boars were much higher compared to gilts, especially with regard to DG1 (31.57 g in young boars against 18.46 g in gilts) and BF 100kg (0.109 and 0.063 mm, respectively) (see Table 3 ). That is, the extent of increase of these values at the order of GG → AG → AA genotypes was higher in young boars compared to gilts which was confirmed by two-factor analysis of variance (Fig. 2) .
Parameters of additive-dominance model of the dependence of productivity traits on the father's IGF2 genotype in Large White gilts and young boars
Since in both gilts and boars most productivity traits had a very high degree of correlation (the correlation matrices not shown), analysis of several individual traits (univariate analysis) was replaced with the analysis of all traits (multivariate analysis). Factor load analysis (i.e. analysis of correlation coefficients of initial traits and corresponding PCs) calculated based on correlation and covariance matrices for young boars and gilts separately demonstrated that the first two PCs described most of the initial matrix variability (76. 23 
and for the entire growing period (for DG r = 0.923 and 0.929; for BW r = 0.904 and 0.982; for AGE 100kg 0.957 and 0.966) and with BF (r = 0.805 and 0.790). Second PC (PC2), on the contrary, correlated with the values of the daily gain in the early growing period (for DG1 r = 0.709 and 0.769). Consequently, the first two PCs were two latent (relatively independent) variables that characterized the body gain in pigs within various stages of postnatal ontogenesis (PC2 in the early growing period, PC1 in the late period and over the whole growing period).
The For PC2, the effect of 2  1 Ł(G → A) allele substitution was not genderdependent as well (0.005 in young boars, and 0.053 in gilts). These differences were determined by particular location of centroids for different genders and genotypes in the first two PCs (Fig. 3) .
One of the factors that determine the potential effectiveness of the use of DNA markers in breeding is the initial frequency of the desired allele in populations. Given the need to maintain biodiversity and the herd linear structure, as well as the fact that, as a rule, a herd is renewed by not more than 30 % within a year, the maximum effect of the marker selection should be expected at a low initial incidence of the desired allele (less than 10 %), and only in the medium and long term (3-5 generations or more). With the high frequency of desired allele (80 % or more), the marker potential may be effectuated in 1-2 generations, but its cumulative effect on the whole herd would be relatively low. The most effective marker selection in a relatively short period (2-3 generations) should be expected in case of the average frequency of the desired allele (20-70 %) .
The studies of pig allele pool for IGF2 revealed differences in the distribution of allele and genotype frequencies in the animals depending on the specialization and breeding character. Maximum A allele frequencies (desirable from the point of view of development of meat and fattening traits) were observed in pigs of meat breeds (Body, Duroc, Pietrain) and in the terminal cross characterized by the maximum selection intensity for the above traits, which is consistent with the results of foreign authors [13, [18] [19] [20] . In mother breed pigs (Large White, Landrace) and the ones produced by improving local breeds with meat breeds (Belorussian meat, Estonian bacon), intermediate A allele frequencies have been recorded. In Liven pigs, A allele was not found. А. Ojeda et al. [18] have also observed the lack of the above allele in some local pig breeds and in wild boar populations of different geographic origin. Based on the analysis of allele and genotype distribution for IGF2 in various pig breeds, we can conclude the potential significance of this marker in breeding Large White and their close related breeds, and Landrace, Belorussian meat and Estonian bacon pig breeds.
Animals with AA genotype in the 3072 IGF2 position were reported to stand out for their most lean, high daily gain and ham weight, smaller back fat thickness and better feed conversion [20, 21] . In Large White pigs, we found highly significant tendencies for the increase in the live weight gain at the end of growing period, in average daily weight gain and back fat thickness and also the younger age at 100 kg ranked as GG → AG → AA genotypes for IGF2, which is consistent with the studies of other authors. A significant difference of piglets of different genders has been found in their early maturity, spending feed and digestible protein per 1 kg of body weight gain (p <0.001) [22] . The superiority of males over females in their fattening productivity was found in the groups of pigs with different genotypes for MC4R [23] . In the absence of significant differences in average daily gain between gilts and young boars, M. Latorre et al. [24] found significant differences in the thickness of back fat in favor of the latter (p < 0.001).
We first studied the effect of gender on meat and fattening pig traits depending on their genotype for IGF2. The effect of IGF2 allele substitution in boars was found to be significantly higher compared to gilts, in particular, regarding average daily gain in the early growing period (from birth to 76.41±0.04 days) and back fat thickness calculated for the 100 kg body weight. As confirmed by the results of two-way analysis of variance, the intensity of the increase in these values at the order of GG → AG → AA genotypes was higher in young boars than in gilts. We first found the different nature of the effects of genotype for IGF2 on gain values for periods of postnatal ontogenesis in pigs of different genders. The presence of two major components was shown, one of which is associated with the weight gain in the early growing period (from birth to 76.41±0.04 days), and the second one is associated with the weight gain in the late growing period (from 76.41±0.04 to 170.23±0.05 days). Parameters of the additive dominant model for the main component associated with body weight gain in the late period and in the entire period of growing were similar in gilts and young boars. On the other hand, the roles of additive and dominant components differed in the pigs of different genders for the main component that characterizes the growth in the early period. Significant estimations were obtained for the dominant component in young boars and for the additive component in gilts.
Thus, we have studied the IGF2 gene polymorphism in the pigs of different breeds and crosses. Our results demonstrated the high frequency of A allele and AA genotype in Pietrain and Duroc breeds, as well as in the terminal cross and the Body synthetic line. In Liven pigs, A allele was not found. Association studies in young pigs produced from fathers with known genotypes for IGF2 confirmed a statistically significant dependence of productivity traits on the genotype for IGF2 in both gilts and young boars. The quantitative effects of IGF2 genotypes on meat and fat productivity in pigs, shown in our investigation, and revealed gender-dependent expression of the marker genotypes during different growing periods should be considered when developing programs of markerassisted selection that use IGF2.
